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in the precision determination of the wore Lengthe of etonie 
apectral Lines, it ie neesssary that the wavelengthe of certain 
lines be known to a high aceuracy relative to the pricery otanierd, 
the qudmiug red dine,  ueh Lines ave called secondasy standards 
end ideally should be uniformly distributed over the entire spectral 
range from the vaouun ultraviolet (2000 A) te the infrared (10,000 4). 


Suen e aysten of secondary etandarie is necoseury in the reduation 


of ordinary spectrogrema, which cannes be referred to the primary 


gtander’ along, At present, sccondas; atendernie know to one or two 


purta in 10° exist in the region 4200 to 7000 4 (A)e They are made 


up of 40 lines of neon and keypton adepted by tke Internetional 


Aetronomiaal Tmion in 1966. Tho lines of argon ere sleo eapsble 


of censuresent to the samo pretiaio: en some messurmente hove ale 


ready been made (8,5)5 The ebjeet of the reseureh deseribed in 


thie thesia was to repest some 


mente, to improve | 


of theae mas sur 


part of the. sme level ecieme of axon, and te study the Gispe es 


sion of airs 


gonvenienee, ani the faet thet the ocinmasy standart of wavelength 


is defined for sir et 700 ore mercury preaoure and 16°C, In the 
eonstevetion of energy level diagraw, the reciprocal vacuum evo 


jengthe (weveenucbera) aro recuirel, These ave compete’ from the 


Waines in air dy using the index of refraction. At prewant, the 


Value of the index ta in aoe eet 


fe 


tere 


There are reacens (4) fer belie« 


anong different observore (1). 
ving that the imiex veduea of Borrell en Seara (6) end of Porarda (6) 
ave welid Lo the pogion @000 A to 20,000 Ay aid some indiestions a 
a syatenntic exroy in the work of Meggore and Peters (7%). In order 


to provide a tent botweon the diupersion euctions avaliable, wova- 


SoG A eee 


nim io ais and in veeum, using the averaged date 
to veduoe the standard neon Linos 


of Barrell andi Ceurs and of rerard 


eeation II, the experimental eapesta in seetion iii, 
&@ Will be seen in detail inter, 1¢ ia neces: 


neaayrenentia 06 8% lecet one ami prefernbly to teo or three etanderd 


much simpler to use several secomiary 


The neon aeoondary standamia were chose: beenuset one, it is 


etenderde then the «rime 


ate: dard eloney pos agi 
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The FabryeParot interferoneter consists essentinliy of two 
highiy reflecting, planespersllel surfaces which are siightly 


tranaparant. In prectiae, theme sre ueun 


Av obtained by using 
two gleaa ov cunrts digee with adjacent sifiesa poertieliy alivered 
or aluninized (reflectivity between 76 ani 


GOe)e Shen a ray of 


nat oceur prow 


dignt strikes a aurface, it ia particlly reflected ond paz 
tranonitted (Sige lle The multiple reflestions % 


vide a mucber of porallel Granamitte’ rays #ith a constent phase 


Gifferoncgs Chen pages’ through a iene, these raye aomine in 
the fees) plene to protcee an interference petterns Due to aye 


motry, the patter: consist: 


in what foligws, only meterial netewasry for the enlovla 


of wavelengtia will be conaiderad. 


Genera: trentuenta of the 


| nel, ‘ 
interforouster are given by Melsener (8) ed by \olensky 


fhe bright finge in the interference patterns are masbered 


OplpBySenentorting at the centers The following reintian 
derived (Meissner)s 


(2) 
a an: (2) 
where p.ie the order nusber fer the ith bright ri 


the Glencters of 


the Kth and ith bright wings respeotively, 7 
the waveleneth, £ the foon) length of the lens, ard t the 


etalon thickness)» 
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Figure 1. The peeange of light through the Pebry- perot 
interferometer 
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an order number P, wiidh wih in gonern) be nonmeintemrei, La 
Qaaigaed te tie center of the interferences pattern, ‘The relevion 
| ees {3) 
‘@6n @telly be aiow: to hold [Melsanerj. The omier at the genter aaa 


@ieo be expregacd in tama or the order noncer of the A+ 4d Ploeg ent 
@ Traetional part ¢ ea 


P: Pao +n aes / (4) 


in orier to relate ¢ to the obvervel fringe Gleactors, squations 


{2), (3) end (4) ere combined, to give 
t Da iS) 


Sa Ue the 


whigh beaoses, using equetion (2), 


ae Bat! a 6 = Dag (6) 


Ds — p; oe 


it is eleer from equetion (2) that EB is « cmetant for a given 
interferes patterns 


if mere tacn two dfametes a7e mousuredy 1 ie eviders thet 


€ may by found in differe:t wayas One prodedure ia to tse erune 
tien (6) in the form 
K Os =o a ar (S iv) 


é€ 
Rier4 KE ir desired) 


ani to use the method of Lewat aniinres to Find 


by semmine tant D> 8 xather then D. fe the variables The normal 


equations (eee, for inatance, (10) )ean be writte: in the for 


KA0s =Bn +6 Bee in) 


Kz ne ont ee Sun (9) 
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6% 
where all suomationa exe fron a = 0 to mn = j + lwhero j io the nuaber 
of values of FD, observed, In this partiouler work, five @iometers 


wore mongured, in whieh cose the expremeion for € ia 
Gi 3S) Da ae On, 
(20) 


in order to esleulete wavelongtis, 14 ia negessary to knows 
(a) the fruction:1 puerta ¢ for at least two standard ervelengtha, 
(pb) the frcetionel perte ¢ for the unknown wevelengtha, {¢) approm 
i, and (4) 


sen wevyelengthe (five PMecures 


ieate Values of the vwakn 
en approximate value of theetelon thickness (49.008 m.). The 
firet etep is to uae items (4) and (b) to fin’ the exact etalon 


motied wag uecd dye GO the svedlebility ef two Serhent computing 


thickness %. Thie mar be done several en, @ (2) bet the follos 


PAchineis An aporoxiante order number P for the etendarti lines wan 


found usinc the approximate thiecksesa end equation (3). 


wavelength was ect in the keybourd of ene: machine ea muliiplioand, 


while the corresponding aporexinate order aumber with the measured 


Value of ¢ wae nael es 6 multiplier. Thie mltiniiestion gives, by 
equation (5), a0 Gporoximate value of 20, #.ich wiki ba different 


lige The Gpprosionts order susbera rere then 


gone without dieturbines the feeetional 


varied by unite tehie aan be 


purte) until agreesent within 8 or 3 pavce in 10° ie ronened for 


the Value of 26, The teint standard is then vend to cheek thie 


Values Onge on exect value of Rt hae been found fer one expoaurs, 


those followine are euch easier to detessine as the Variation ta 


en 
Ay habe 
hie, 3 
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6 
in thickness is quail if the etalen je not diatorbed. 


The unknows wevelengtie me, now be funds, Firet, aprox lnate 


orier numbers are culeukated yoing itea (a) above, equation (3) aril 


the exact thickiegs, Theae anier numbers aro mate exoet by uelng 


itea (b) inetead of she onlevlated frostional porte Bquation (5) 


is then use) again with oxegt values of 2b ant P to give the weves 


Gtanderd eavelengthe ave gives in air a6 16°C and 760 om. of 


mercury preasutes, If eonditic 


ne otier than these are tse, which is 


Sol by being en Gppronti«~ 


wally tae case, the eterdard mst be edjus 


ate index of sefrnetiois The reintion between deneit; and refractive 
index of a gaa is 
Nn, a { — Nez -| A 


i R. (2) 


where n,end wm, are the indices et densities 0, ané 0, reapeetivelirs 


he donelty my be found foom the tecvoernture 7 and preaaure P by 


wring the ideal gas bews 
ea = 2 : (22) 


combine to give 


n-t = FP ee (is) 
te 


i Beactics, the stendard wayelengtie ware fivat converted to 


«These aquetions 


» the elation 


papomires Sy usin | 
| TA ac: = Ww ee i (14) 
Then Yaluer in aly eorruanonding f expowre condi tiene weve 


mieulated usine tis index determine’ tron eguation (7%)e ‘the 
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eotual values use for the index of vetraction oe given in Appendix 
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In the prosean of refleetion a4 e mewllie surface, « eelh 


phase shnng@ dep 


LemGa, te introduced betwoon 
the ineident end refleeted reyes. A sisi) correetion suet be ape 


plied to 


the wnvolencth, ae caleuleted in seation BR, to eliminate 
tie dispersive atfect of the phase chang@s dn oder te do tila, 


seth must first be aoanputed from tue dege of at Leet 


Seton thicknes sem, 


The putes change tay be represented ea on apparent change in 


the etalon thigk: eas, Bbt, Squetion (4) beounses 


5 a (as) 
p 


wieve the choige of the mima eten ie erbltrarys Bquation G5) now 


gives the exec) velue of the wevelength while ecuntion (") gives 


enly en approximate value, Rewrite equation (3) in the form 


a Ae 
Not $i p { 16) 
Subtract equation GS)from equation(2G, Thies eivea 
esta ana, eee 
Pp 
= Not 
| On hee 
tiaing an appeosimnite volun of P from equetion(16) Ae the Ler; 


7) 


hend eide i6 endl, either A oF Deus. way be used on the richt 


hand aide, Zor @ given wavelength, we may write 


¢ ey 
Deve! mas € a 


whee @ ie @ congtante We define tio how gins. a omy 


A Nes (Ns (b) 


i aaa cand 


ZA A = Nevs (mn) 
WORN Reg, in the averuce of the weveloneth veines observed “Be 
different etelo: tii cknewsets With the eit Gf thease relntiona, 
equation (14) beens , 

Ay a> eS (a) 
By treating o> ari £ 29 wariebleg, 3A and ¢ may be found by a 


ones eavares oodciL 


oe 


ef Ps nacre) SquAtTL one laa 10} SING 
ne +<Ag (23) 
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ee 
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where mn is the muber of thi 
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Mquetions (22) and 


a3) 
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2 y : 3 
Rig ee (ee) ia6) 
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for the portiqler etalon thicknesses uaed, theme become 


io aa” 
er = 27 a ea (20) 


C= -o¢2 SX. {27} 
in order to find the wnvelengthe fraa eeh etalon thickness 
" 


aoreceet ad for : 5Aee Guenee we require 


' ae) 


Ap 


= AAW N pie head : 


A ahiNewe: = Sr —-A). (28) 


The individual values of this correction for the three etalon 
thicknesses aréet 
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In order te ues the FabryPs 


surement of wavelengths in 4 conple< spectmum, certain suxiliary 


Shen mony wavelongtia fell on the intere 


equipment ie nesweaary 


feroucter, each interoreee patter oust be seperated fron the 


others te ba mesenrables, This in done by “*aroecing™ the inter 


Ag Gio interference potter: produced dependia upon the index of 


vefvaction of tie gas between the slates of the interferometer, the 
Endex, ond iente the dengity, muat be kept conetan’t during the exe 


and pregeurs cast be measured 


poourds in addition, tue temperature 
in order to Jetwn 


ine the wavelength at otenderd conditions, 760 mms 


of covraury and 15 Og Vonetent preseure ex’ temperature were obteinel 


| by placing tis interferoueter in an airtight chanber surrourn 


thersoatete’ water both. 


Preelsion sequived in pressure and tesperature menmuranentatin 


fed ty 8 


order 76 censure the wavelengths to eight alenifiesnt figures, measure} 


mente must be comreat to one parti in 20° aS 20,000 A and five porte 


in 10% at 2000 de if conversions are to be mde from air to vacuum 


Values of the wavel eng moon to 


th, the index of vefraction must be k 


one part in the eighth deciem] cleece of 1,00030000 (the approxia:ta 


Value of the indez) at 10, 


OO fy and so five porta ot R000 Ae Sut 


due to the form of equation (11), the denelty only neeie to be knomm 


to one part im 30,000 at 10,000 A and to five purts eb 2000 Ay ‘the 
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discharge tube with quarts window 
quarts lene, focal lenath © ex. 
everte windows 

interferometer elit 

warte ~ fluorite —e foeel length 23 ex. 
spectrograph slit 

esclilater 

argon purification syetes 

water bath 

etalon eheuuber 

epeetrograch 


General arrangement of apparatus, showing details 
of optical system. 
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agouracy neecaeary for the terperntive and PeaaunPe monmecments 
di ae Solow, 


At 10,000 A, denedt) to 1 part in 3,000 or pressure to 0.05 om 


in 700 pte and temperature to O.00°K in & O° % 


#000 A, denelty to 5 parte in 00,000 or pressure to O.1Urry 


in 760 um and temperature to Ue0B°R in S00°K, 
ha 6 working bodia 1% wee desided to monmure toe premeure to the 


neuvest Lundreth of a millimeter of meraucy, ond the temperature to 


the nearest bundy 


The general theory of erouwin: the Tabeyeraro 


' ommoter wit & 
poctrogaph ia goneldered ty folansky iG) he pertiouler arranges 


veel “ond on". 


ment weed ia aaow 


$@ wan 6 Giseharge tube A with & quarts window 


eon aousce wae « Oelasler tube containing a 


eapilliary,Licht freo elGier souree wos direated onto the inter 


promoter D with a quarte lene By foal length & gms The light 


pease’ tlerougl the Vacuumetighat etelen chamber by meena of quarts 


windows G in eadh oly The fringes proiueed by the interferaae 


were focuaaed on fie a1] Of tae epeetrograpa 7 ly a quartse finer 


ite achreant ay Soca. Lenet 


h 23 ome The post 


im of the interfere 
cneter waa euch that @ point between the plotes wos foouseed on 
aph. A Hilger Hel Littrow o 


with quarts Optics was Lem, 


the priex of tie epectrod 


The adjuetents were the aate ap 
used in omlinary work eagept wiet a wider alit wae used 
in order to center the 


Aight 


intjertaraseter pattern on the #lit, « 


ey 2 i “om mae 7 
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t 1 ae ae beet 3 
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ae 


4 
4 4 


ov ) 
eis he 


— 


#iete Li. Recording venaituneter 


, BY) ‘ 


Au 

| light wae placed in tie socetrographe Tho elit image wae refleeted 
back by the intent eraneker mul appeared bealie the elite The inter 
feroneter pouition was tien adjugted until) the «lft end ite ineage 
feineideds This places thie interferometer mirror surfaces nommal to 


the optic axiea and ¢he canter of the pattern eppenre on the elite 
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The obleet of this ayates wae to purify sommereial argon, 


was Gone by peeaing the argon through | 
between magnesium «]ectrudes {ace fide Sle Cirqulatic 
by @ morgury diffusion pomp, whic: wee also used for the initial evecwm 


ation of the eyetem., 


| by o aolideqarbon=l loxide-ncetone 


mixture on ether side of thie pump prevented meroury vapor 


in: the Gischarg: tubes One of these treps alec contnined ehareoal shich 


edeorbe Jarce cuantitios of air at low 
i will not adsorb hydrog 


tenporn ti re. 
As the chaxeos 


en appreciably, a discherss 


tube wit. ba che et electrodes waa placed in the ayaterts 


nesiw: Pencia git: the Osides end nit. 


rides are also formed when en air is presente the megnoaium was in the 


fom of rode which were serewad inte brese plu 


te Theee plunge were secled 


to the glese diseharge tube wilt: rel eenling wax, 


oie @Qllowed enay 


poplags 
The 


nent OF the magnesivme A eurrent Gf 1 mas DeG. with approm 


500 volta serosa Sic tuba was weeds 


suuree dieciesge tube was @ piece of gli 


in dismeter an4 60 gay long with a quarts window sealed to one ands 


ie 


mite 


q 
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merevury diffusion pump 
three-way stopancir 

trare 

ehercoel 

diecherge with megnesivm electrodes 
eource diacharge tube 
fleek of srgon 

atoncock 

etorceck 

to mechanics! backing puer 
anall mereury menometer 
outlet te atmoenhere 


3. Argon purification syatem 
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The angen woe contained in a Meek conmocted to the ayatan 
| through two stopsocksa in seviess These could be aendpleted to 
allow amll amounts of argon into the ayatams 

Tae operation ef euch ayoteme to ecneidere®’ in doteall by 
Tolenaky (9). The chief impurities appearing in the discserge 
tube were mereury und hydroveis UWaile the kydroagon wae eventually 
Howaver, the mercury Lines ware easily idemtifie’d and ceuned no 


eliminated, the mercury, although i¢ becar 


eroubles 


A high frequency oseiliator woe used to oxeite the argon. This 
becguse no intjernal. eleetrod 


wabat geeller fringe widthe It iv siso convenient 


en ave needed in the dlacherve tuba, 
frequeney was approximately 0 mecacyelese Power input to the eselle 
lator wav between 60 and 160 wattas 


SR £ 


ecuree wad an ordinary Celesler tube containing @ thin 


thie enplliery an ordi: 


b High frequency discharge 


ey divest current dietharce was uneds 


sel wero ot a light angle to thoce 


whieh were, so tant secondary fringe patterna coulda be tirown fo one 


He, 


me 
oy a 
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Figure 4, Oseillater Sirents. 


x4 
aide of the main fringe pattern at the apretrorraph ollt (holaneky (9); 
The flate vers placed in a ateal aleeve together with the neceseary 
opacer (fige B)s Opatera not being used between the Clete were placed 
in the sleeve ao Gigt the tote] leneth of the taneniy romaine conotante 
The spacers thomeelves were of inver, end had three flat projece 


tions on each side which made contact with the fhates 


At one ond of the sleeve, three Light, e@fusteble apringe were 
mounted whieh preased aeainet the flate throuch brase pines These 
pins were placed ‘irestly abore toe projeetions on the epacerae 


By adjusting the teision of the springs, the sivainis 


the flate could be sede perallel. 
Previous work (4) Sndigates tue) Ghe temperature aoefficient of 

the etalon is grea 

@ilerly for epneera of iy5 aie or logae If 6 tamernture coaffiel~ 


ter than that for the epacer material alone, parti« 


ation 


ent of four tines that for dnvar ia taken, the change in separ 


ne port in 107, for the 165 ems apacar and « 


eperoture Variation of 0.026, This indiantes that some effect fron 


teperature Varintions michs be expected but 16 wii be atemt the 
gome sive aa errors of soesrmente 


feat for Parolieliens Fringen are obser 


ved (with the ui ided 


eve) using the merousy aveen Lines The eye ie moved back and forth 


aGrogs tie fields if the pletes ave parallel the Gieneterse? the 


ages recain congtant, I & alicht weiee exlotea, the dienet 


expand 86 te ayec move fowarie the base of the welce, due to 


the changing path lencth., The aentre fringe ie the most sensitive 


to any Ghenges in thickness and it was ueed for Pinel adjustment iyh)e 
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Genstruction of the Yabry ~ “erot “talon 


As shown in seotion 1, the temperatur» of the air in the etalon 
was required to 0e02°O. This meant thet the tempersture hed to be 
kept constant to the seme limit during exposures, which sonetines 
lssted for an hour or more, A themoastatically controlled water beth 


wee used, temperature being monitored with ao Bec: 


ita calibration ie diseuesed in Appendix Be 


fhe etalon fittel snugly into a brese pipe 14> inches long ond 


S inches incide diameters A brags plate with « onewinch diameter 
quarts window wae seldered on one end, while a flange one inch wide 
wae soldered on the others Another beegs plete with a one-inch 


dioseter quarts window was clamped eagsins’ the flange, with a rubber 


gasket between to produce a vacuum seals A copper tank 12 inches on e 
side, arrounded the gentrval part ef the brese tube, Thia tube, in+ 


sulated with *, a Lae 


wool", sonteined the water beth» A halfineh 
brass pipe seldere’ to the etulen 
measuring devices, The air used 


chomber ani fitted with rubber 
donmected the che 


mber to the Vacuum pump and pressure 


“Oo f1LL the etelon chamber waa 
dried, and bed the oarbon dloxide removed by meane 


of traps containing 
phoayhorus pentoxide ond sodium hyd: 


OxLA Gs 

Teaperature sonsrol waa achieved by using a constant flow of 
¢ooling water tircugh a copper eo1l immerse’ in the beth and an 
eleetric heater controlled by a meraury themestets The heater 
produce’ sufficient heat to overcame the effect of tie cooling 
weter. The beat themostat available opened end closed 0.02°C. 
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Figure 6. Manoneter. 
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which together with the overshoot of the heating and cooling gave « 
yange of 6,085°Gs in the bat tasperntures Variations of the averge 
texperature in aitfere:t porte of the bath ware tented vy moving the 
Begkuan: themoneter avounds These were found not exceed 0.01°C, 


A moteredriven etirrer was uwee@l to eireulate the water around the bathe 


fork wus done with etalon both in air and in vaeuure A Maal.ecod 


gauge (see, for instance, Hoag and Kort (11)) was used te measure 


@ gir at atooepherie orcas 


the residual pressure of the Vasuiitie “h 


s 


el, the wraessuren sure wits a Glosed mercusy manosates 


Rees os 


We te 


(figs G)e One side wea kept evacucted (quality of vaewm checked with 
the Magleod gauce) while the otaer was ccancated to the etalon chembere 
At positions wheres mereury caluanus goeve te be observed, tubing of 
diemeter 2 Gi. Wen vedi giving a very fet weniacut, The effeet of 
meraury eaticking to tis giage avound the maciscue was eliminetad by 
eroriding an osenine Go the air throug. 


oy 
ae 


which tie mercury eoald be 


Pree@cure Ghatitt’s The nelgite of The selumns 
were Pehl with & special cathetaneter (figs 7)« The glass tontetsine 
the sereury end cathetometer were Seth builé aroun’ » Lp inch rod of 
SOLdePOlL1lG ate¢ie A lowepower microzaope was Heute’ by usina two 
dLose-fitting sleeves on the rods The top sleeve, to which the 
miereseope tas wigidiy fixed, wan fowe te rotate in © euall angle 


about the rod, bearing om the lower sleeve, The contacting eure 


fases of the sleeves wore carefully machined to ingure rotation 


pendiculag to the mide As a new lathe was used for Gils operation 
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™ 
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: ye 


“iete Lil. 


Cathetometer and “anometerx 


Fiate IY. 


fypical interferogran 


i? 
it wie sesunel thet errorea from thie source were considerably Less 
than 0.02 ma. Aotation of the mieroacope allowed olther the more 
euvy dolumne or 4 oteel eaulo to be obeorved,. These wore orvanged 
ao that both were at the sane distance frou the eonter of rotation 
and hence no refoeoasing wae necessarys A steel seole one mater 
long with millimeter aesle divisions wae used, It wos not anlie 


brated og checked in any waye In ordes to cet «a sharp ahodaw of 


the menisous the mereusy columns were Lllumineted with parallel 
Lighte ‘fhia wan obtained ky ueing a exala 6 volt bulb end a Lone, 
6 volt 
dope gontnined « glace sotle which 


The steel seule wae Lilusinated divestly by another small 


bulbs The oyepiece of the mierce 


¥ae seen sinultsncously with the mereury colwwme or ateel scales 


The magnifieetion wae auch thet 50 of these seale divialone correas«. 
ponded to one millimeter on the steel saules The position of the 
mercury colusn wea noted om this aeale, estincting to tenthe of 


@ivisionse The mileroscepe was thon rotated to the etecl scale, 


end the position of the noorgat division on to atec] senle found 


6m the oloreseope scale, Thie gave the poaition to the nearest 


The overall, acouready woes conaiderably radue@l by small none 


gS affeotel the exect 


uniforaities in the atecl reds These flew 


ee Gleave end bevee 14 was not 


position of the axie of the los 


elveye parallel te the agie of the rods In order te reduce thie 


effect, preasure readings were made by tokine o aet of reedince 


alternately eat the upper end lower meroury ouefoces, The averace 


af thease would thes depend on tie avernge sooltion of the sleeves 
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oy id 


My 


1G 
If the flows in the rod were random, this average position would 
be Pedvly reproducldlds 
In obtaining final preawure reedinga, «© correetion wae mode 
for the tesperature of the steed aoules A corredtion was eleo 
made for tie texperahire of the mereury, on the grevitationsa] 


advelerstion, ‘hove are standard af O°C, aod 9600008 one/oond 


jterna doneleted of finding: 
eide of 


the relative positions of tie first five fringes on ench 


tie canter of the pattern, The “position” of a fringe was taken 


#8 the position of creanteat intensity, which wee navally 


midiles The mesuuramente wore made with ea vieush eemiperetor or 


#a8 sot on what the observer considered te be the blackest part 


of tae fringe, Thie wee easy te do coneletentliy om the third, 
fourth and firte Princes becau 


oe they were fairly nerrot.e Towever, 


fringes gere ueuelly wide, erd 1¢ was diffieult 


the first esd sesond 


to consistently select tie dencost yarte Thie was pertioularly 


evident when Geo Gbeervers mex 


aurea a wide oe me independently. 


fhe dene ified trees of the fringe intensi« 


ties on a etrip of papers The position of maxim: intecelty was 


found by bisecting the outline of the friove near i 


orement of the position of wide fringes by this method 
move difftieul$ then acagurenent of thin fringess Another cdvantace 
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Figure 8. Photenultiplier Cireult. 
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of the denulsenetar wie the wxdvetion of obeerver fatigues The 
consistency with which on observer could set on a fringe vieually 
depended greatly on the tine spent observing fringes previounlys | 
The difficulty was noneexistent in the deneitometer methods . 

While no detailed acapariaon of the two cothads woe made, 1% 


was felt thet the dencitoneter was slightly sore aecurate, Lesa 


subjestive, ani easier to uses Therefore, 1% wee deolded, evene 
tually, to uge the densitometer exelusivelys 


Both the compernter end deneitoneter were bulls around the 


game serves and dorviegee No teats were aude on the seren, but 


it Was known to be Of Very bigh quality, “oon ueod 


ator, & agoros 


ene was pleeed on the carriage and tue plate fizeds 


ag a densitometer, tie plate wae placed on tuo carriage while the 


ootieal syete:n «oo fised, 


mel optical gyeten wen used in the feneitaneter 


{ene, for instence, Brode (12))« It consisted essentially of 


wo lone fowesed « aot of light from a 911% 


@, One oF Which 


‘gquree onte She photermmoiie plate, #hiie tic other foousced 


eiietely in front of 4 phoe 
4 anal, 6 volt bulb 


Lignt from the plate onto © shit few 


temltiplier tutes The souree of Lirht wee 


of trie trance 


energized a atepdos n troneforer.s The primary 


former was fed by © soneteant voltage trenefenmer from the 110~™ 


volt lines 
the detector Was © B5leA photermitiplier, provided with 
1000 volts fron e meuleted 


outweut waa fed to the grid of a GI6 cathode follower, which 
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ia tum fol diveothy to on MaterLinessngue recorling oillismeter, 
AS @n average eebher tian a detulled outiine of the fringe wea | 
dosiral, tae eathode realator wac choaen eo as to elighthy over~ 
Comp the miilicuseters This meant that the midliammeter movement 
could aot follow every detii of tue fringe intoneity, wut pro 
duced & BMOUS) Gubiine, Zhe eixguit ia shown in figure 106 

The external drive oF the Meter] inesangus yeoomier wos used 


te turn the sere, This drive made oie rorolotion per mimite, 


which gave the plate @ @pecd Of O86 tte pew minite, Ag a Charpe~ 


ingheporspinete paper apeai was ueel, the mugnification between 


por wag about Wide Thus a pattern of eversge leneth, 


read over BL inohes of paper anc on ordinary 


mesive Gao poaltion af peake reletive 


paper Pecarance Lines. 
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Wh 


temperatura bath wae ploged in operation abont 


an hour before taking exposures to insure thet tie etalon hed 


veuched thermal equilibrium. The otalon cha: 


bev won ovecvated 
duving thie period in orier to reach a content residual presaures 
Axgon exposure tines varied from 10 to 00 ainutes, depending on 


the intensity of the discharge obte! 


nabie but moat exposures were 


of 15 to SO sinute durations The neoh expose rea wore made either 


before or after the argon and they lasted & to 15 minutes. It wae 


thought thet the thicknesa of the etelon wold chance very Littles 


in the few minutes betwem the argon end neon exnoeu res because 


of the preteutions taken to keep preseure and temersture constants 


Separate exposures ere much simpler 40 obtain then simultaneous 


may be placed separately bef 


ove the otnlones 
Rastaan IIe! plates were ised, They are sensitive from 2000 


yood several tines dering 


the exposures with the MacLeod gouge and the approximate tesper 
ature of the bath noted. 
A total ef mine plotes were tekon, turee «i each of the 


apacers available for the etalote 


the procedure here wie similar te thet in seation 2. Oxy, 


earbonedioxideefree ais wee adeitted to the etalon chanber after 
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evacuation. An hour pemse was then allowed before exposures 
were taken to engure that thermel equilibrium was ro-eeteblished. 
The tesperaturs was read before and after the complets argon- 
neon exposure, readings Hor ll tnken at ten eecond intervals 

over the ihaevievare contrat oyele and sversging. Yreseure 
rendings were teken during the «xpesures, sbout ten for each 
plate. A total of nine pletes were teken, three with each of 


the etalon apecere «veileble. 
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ds Sapirical Corrections 


Yuen the wavelengtia from the vacuum plates had been calevuleted 
48 OutLiined da seetion Tie, 1% wae found that the values obtained 
from the three gletes tukes at eseh etalon thickness agreed fairly 
wall anunget themselvede However, the values frox the different 
etalon Guickiesses Were not mirtiqulerly qoneletente Moa definite 
trend existed Yer ali the dinee as would be expected on phuse 


mime gituntion existed for the 


ghenge considerations onl; 


Siz plateie furthermore, when wevelengthe in air ware reduged te 
Vaguum, it was foumd that they did not agree with the values fron 
the Vaouu piebes, The differences were apparentiy randes in nature 
apd Gis could oot be expluined oy an error in the Index of re« 
fractions : 
Several affects were fomd slick miei have contributed to these 
ingousietenglegs When the full slit leneti af the apeotregraph was 


piliised, a digtiest eurveature was noties’ in the lines. This 


elrvature gaueod @ Bhagat twisting of the fringes, in opvosite diz 
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@cGions Gh ich side @7 tie center of the patterns 


Willieme and Middicten (15), veins the eens type of spectro~ 


grerh found thet the foous was not constant slone 
apectveal lines, This effet —e eniefly due te satim@wtiom in the 
insteument end wes cot ieportant in the forustion of ordinary 
Special Lined. it beoume important wien a sharp roere waa dew 
sired for images at different positions alone tie line and was 
particularly noticeable wien 4 wide elit wou ueede tn the present 


work, 6 wideninc of the fsinges caused by thie defecuseing was 
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24 
observed on ony aide of the interference patiorneas hie widening 
probably peadcerd @ ohim in the position of the deneest port of 
tie fringe and Leoee on ewror in € . 

A vough bus sinvle correction for tio above effecta waa mode 
by assuming that the measured value of € depended on the poelt lone 
of the fringes relative to either end of the slit tange and hence 
on the wilue of € | iteel?, This dependence of € on itself is iline~ 
trated in graph I, where the deviations of etalon tiickneasss (as 

¢alavlated with different neon lines) Prom tlie average are shown 


‘plotted aquingt the vaivea of € used to obtain those thickness, 


The stralguieiine Gepesdende m € ia quite evident, if the quan 
2itieo 


Atte =t- t& a 
(50) 


in g1) 
AvEc mi Cen Ge oh) 


ave defined, wiere T and € uve avenge valucs for neem Lines and 


$8 smd ¢€ ape individual values, the alope ef the Line ie 


Le Ae), 
Ne : {ag} 
Oe€’: : 


Thie @lope wis found for the group of three pintes et ereh etelon 


thickness, the elf ond veouun slates being taken eeparatelys A 
least aqieres procedure was used. The average value of six slopes 
was 43 0:2. , whieh shows ® good consistency, 


Let c' vefar to tie areom Liness Them the correction fore’ is 
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By using the relation 
A@t) = rAnaE',*, (34) 
Which ie derived fram 
2t = Co +e)A, (gp) 
equation (82) may be written, in tie Porm | , 
foe = Ae’ =e). {3a} 
K 
The application of the correction Seto ¢' improved the agree« 
ment sonewhat bateeo: the vaouen wovrelenetse ag ¢aleulated from the 
pistes in vaouum ani in air. the results quotes in the next section 


. inalude this aorrections 


The dats used to aorpute the final vauiec: wevelengtia ie shoe 


in Table I. 


Ali Weluce gives include eorreetions for the fraetional 
pert € and for tie phase chance at reflection, Oetniied data for ouch 
aan (a) 


of the vacuum wavelength onlys Golumme (b), (¢) and (4) give the 


plate ie ahown in Appendix C, Gol 


gives tie first four figures 


dast four figures ee esleuleated from platea teken in vacuuge Tho 


average value eeichted accord i 


a te quality of meceurement, for each 


etelen thicknowa ta chown en the averace of theee appeara in 


eolumm (e). dGoluens (f), (2) and (hk) give the leat four figures 


ne ealeuleted fron plates taken in air, She average o* these values 


appesze in column (4), Gollum (3) gives the fine) vacuum wavex 
length, the average of coluans (a) and (A) 
The dispersion ecunS$ion used wae tested by comparing eolumme 


({e) and (1), the values of the vacuum worelengtt 


fran plates in 


a6 
vacuum and in @ite A statietionl anelyeia (ps. 176, rots 10) chewed 
iat there ees no signifliusnt differmee between thaee Values nx 
dept da one oven, %.¢ dine et 4100 Ap The average of the otendard 
deviations of «ll the lines was foun’ to be 0.00068 4 (10 parte in 


10°), ‘the @iffereng: between the dieperaion equation ueed and thet 


of Meaggers ond Peters amounts to 40 parte in 10° from 6000 to 4000 Aw 
Therefore, it my be goneludad that the everuge Aieveration of the 


cand (6) de more son~ 


aguationa af BRerrell and Seara (6) and of Pe 
ont date than ia the diapersion of Megcern and 
am this 


aietent with the prea 


Peters (9), It ehevld be noted thet ne eonelusions rex 
abagiute value of the index of pefraetion aun be drown fe 
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As Mentioned an the introdiation, the value of the index of 
rerenction used on the present work wae etlevleted from the aver 
sged date of Garve]l and deare (6) and of Perord (6), The follere 


lng Gata aie oitainedy 


in « 1) x x0" 


SOOO A 


BIG» G 
27002 BO 


‘Tae values of Restere and Lamps (15) else agves Aibviy weld with 


cable, Suh o@ the method by which they were found is 


mywe, they aere oot uae. If the dnte fe fitted with a diss 


yeraion equation of the Gauehy tyoe, the Sollewise relation ia round 


for dxy, darbon Sle«cideefree air et 16°C, and 760 mie of mercury 


4735 ny 0O-o2/0f 
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where A is the seveloneth in mierone (107° ats) 
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in order to celibyate the Beckmann Themoneter on the aboolute 
@oule, the soturated vapor preenure of water wee uae. The appar 
atue io indicated in Moiwe | 

The Vapor presaure wae neanered with two sorcury colume 2, 


witch were aleo comestel through « eoliwen of moray ta the ate 


eponing Gliowed the marwwy to be dieturbed in 


aapheve Jy This 
order to albaluate sticking around the menigous, Differences in 


heleht were found with a trevelling sieroseope pevine a verndar 


yeeding to the semreat hound “iLinetors In tie region 


und 80 Ge, & chengo in tesporature of the water of 0.02 OG, 


aauses & change in vepor 


pressure of approxinately Oe01 cm, 80 
tion TtIelLy e 
ned by Lilwoine 


tiie microscope just 8 tase & 


aeve the agoureay requ’ 2 


& sharp ehedew Of the mercury menlecus waa obte: 


ating it with a beas of Thie Licht was pros 


vided by « 6-vol? bulb (a9 & vous point souwres) and o less (fits 20)6 


Buld was initinily sleosd in e 901.44-anrbon-oxnideqwacetone 


mixtures Yeter wos dletilled into it from trap B by eveoucting 


ooke (3), (0), and (D) opens Trap F sea aleo pleeed in 


a dry~iae~ncetone mixture to keep the water vapor Gut of Sie 


VaCRW puis oteneock & wos then cloeged ami the pressure reliueel 


to 0001 oe of « A¢ the 


meroury Ge indidated by a MacLeod gauge 


see tine, any water Yopor wae frozen outs in either Wulb G or trap 


Pe Stopeocks G ant D were then closed, axl the dryeiee arciné 


mlb G replaced by a water beth in which the Seckmarn themoneter 
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Figure 9. Arperetus for Temperature 
Gelibretion. 
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Figure 10. Optics! System for 
Viewing Mereury Meniaci. 
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wot e160 inmeoradl, Tho ioe in bulb G malte and ite vapor depresses 
one of the mercury colwaiae It should be uote that the vaper 
pressure of ice at the tenpereture of sublining dryveloe ia neglie 
wible in this work, 

At eooh teoperstura, terolve measurements of the difference in 
' beleht of the mercury oolwone were made. Thea were overaged and 
corrected for any ound) aly leake, for the difference in height at 
sero pressure, anil for the temperature of the mercury columne and 


nt o% OCs and 


the gravitetionsl seselerutions ‘These are stand: 
9200665 cme/aee's 

The obgervetions and resulte ore summarised tn @ teblea. Vapor 
presaures were gonverted to texpernture with the ate of a table in 


no (l4ie A etraight Line was 


fitted to the dete by the method of lesat squares, giving the follore 


ine @quetians 
T = 09879 (+00023)B + 17-414 (+0004) 


veto, aml D the reading 


tender deviations of the eoustenta 


Temperature in 
Deg. G. 
YY 


Gorrected 
Difference in Height 
in ma. of He 


Beekwann feading 
i) 


17.734 © 
18,628 
18.332 
18.629 
19, 206 


6.615 

0,931 

2D. 241 
1.854 
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Petailed lesnhts 
‘he date from each of the wlate« in veeuum and in wir 
are aunmerised in Tables IV te Yi and ViIT tof respec~ 
tively. The fractional part ¢ for the argon lines includes 
the empirical correction deseribed in “eotion 7-1, The 
neon wavelengtha are given in either vacuum or cir at 
stendard conditions. “hese were not used dlrectly, but 
first adjusted te etalon conditions. This adjustment is 
auk&li in the cage of the wacuue plates due te the low ree 


the value 


idusl pressure. In the ease of the velates in air, 
of the index necessary for adjustment is given. Index 
values used to convert the argon wavelengths meaeured in 
mir to waguun ere siso given. The ‘mean’ of the double 
thickness represents « weighted aversge of the individuel 
values, In suse enese, two different neon exposures vere 
seagured, giving two sete of thickness values. 


Tables Vit and 2] give the weighted average of the 


wavelength et exch etalon thickness and the phase chenge 
- gorreetion 42 onleulated from these. The weights used 
depended on on estinate of the quolity ef the sarticular 


mensurements. The quslity wea estimated by the constancy 


of the difference of the scusres of the diometers (see 


Section 11). 
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The phase change correction finally used was the 
average of a11 the values Tt the plates in air an¢ 
vacuun, Ho dependence on wavelength was evident in the 
particular range of argon wavelengths measured (cf. Tables 
Vil and AI}. The correction thus refere te the difference 
in the avernge phas: change for the neon standards and 


fer the argon Lines, 
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fable Vi. Phase Change Correction Data for Vacuum Plates. 


Vacuum Yeighted VWelghted Weighted Gwersll Phase 
Kavelengths Average Average Average Average” Change 


of Argon®* 06.5 om. 1.0 om. 1.5 om X Correction 
Stalon® Etalon®  Btalon* ge 5A 
6518 . 0834 0817 0789 .O813 “0, C044 
6933 . 8010 - 7966 - 7966 «7961 42 
#511 . OOO «9992 9971 9089 27 
ee . 3012 - 910 » 3885 3962 21 
S536 5588 led one setae = 
434 FEL + 77OL » 7781  PP9G ~ 0,029 
4301 - 32.26 «312 . 3098 «3112 22 
273 3734 «715 «3704 «3718 25 
4267 SPRL ETF aR58 4872 17 
268 3622 . 5620 - 3603 - 5615 14 
4252 « 3828 —— ~~ “ee ~~ 
4201 85% 8568 6582 8527 0.0008 
4199 502% » OLE + 506? , 3015 13 
4192 ‘7 2LLe sm ahi alad 
HL9L «8953 «8953 893 e846 14 
SLB .06%6 . 0629 O61? 0627 12 
“165 » 3553 3581 9333 ~ 3542 19 
4159 7633 . FE +» 7626 «7640 #1 
4045 5619 , $623 . $602 5615 09 
3950 BO74 «0992 0956 G97% 06 


* Practicnsal vert of wavelength only. 
©" Integeral part only. 
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Zable XL. Phase Change Correction Data for (ir Plates. 


Vacuun Weighted Weighted ‘sighted Overall Phase 
Wavelengths Average Average Average Avernge* Change 
of Argen** 0.5 om 1.0 om. 1.3 om. Tyee Cerrection 


Etalen* talon*® Rtalon* Nabe 5A 

HYLS ; . Peale Ped in te i : eee os 
6033 8016 .P98y - 795% + 7981 «0, 0048 
4511 9992 9985 9966 9961 20 
So ee . 3902 + 390R9 » 3896 . 3902 ou 
46336 537500 eee — -- 
4934 7796 «7785 « 7783 7788 12 
GGL 08 ANG -2089 5 3104 © its. | 
4273 «7a + 3727 «3701 » 3716 14 
“oe? «867 «4881 .¥A§2 . 9867 GS 
BP60 . 5626 . 5622 » 5393 + 5614 ~Q, — 
4252 alata « 3826 eee me 

8192 ~ 2108 nae lee “ 
S191 + BOR9 aia ae sa 
4183 0633 0607 0622 11 
8165 + 3538 «3527 « 3532 ON 
#159 o? . 7615 . 14 
6045 5615 $309 =. 5603 08 
Bide) «0983 » 0999 0965 24 


“Fractional part of wavelength. onty. 
**interral part only. ee 
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